In classical eyeblink conditioning a subject learns to blink to a previously neutral stimulus. This conditional response is timed to occur just before an air puff to the eye. The learning is known to depend on the cerebellar cortex where Purkinje cells respond with adaptively timed pauses in their spontaneous firing. The pauses in the inhibitory Purkinje cells cause disinhibition of the cerebellar nuclei, which elicit the overt blinks. The timing of a Purkinje cell response was previously thought to require a temporal code in the input signal but recent work suggests that the Purkinje cells can learn to time their responses through an intrinsic mechanism that is activated by metabotropic glutamate receptors (mGluR7).
Introduction
It has long been suspected that the cerebellum has an important role in movement timing [1, 2] and this has become increasingly clear in the context of eyeblink conditioning. Classical eyeblink conditioning has been a widely used experimental model of associative learning and has also proven to be a good model of motor timing [2] . When a conditional stimulus (CS), such as a tone, is repeatedly succeeded by an unconditional stimulus (US) that elicits a blink reflex, the subject learns to emit a conditional blink in response to the CS. This conditional response (CR) not only precedes the US so that it protects the eye, it does so with a high degree of temporal precision, reaching its maximum amplitude close to the time of the (expected) US onset. This holds for CS-US intervals from about 100 ms to about a second [3] [4] [5] , and for many animal species including mice [3,6,7 ,8] .
Work by several groups, using lesions, pharmacological inactivation and electrophysiology, has shown that the main mechanisms underlying eyeblink conditioning reside in the cerebellum (reviewed in [8] [9] [10] 
Pauses in Purkinje cell activity
Models of motor learning in the cerebellum have focused on the role of the Purkinje cells, the output neurons of the cerebellar cortex. These are inhibitory projection neurons that are driven by intrinsic mechanisms to fire at high rates of 50-100 Hz in vivo [18] . Influential theories of Marr and Albus [19, 20] , proposed that the synapses between parallel fibers (carrying the CS signal, Figure 1a ) and Purkinje cells would undergo plastic change when activated in conjunction with climbing fiber input carrying the US signal. It was generally assumed that as a result of conditioning, the CS would come to elicit a pause in the Purkinje cell around the time of the US, and that this pause could, by disinhibiting downstream neurons of the deep cerebellar nuclei, cause a well-timed conditional blink (Figure 1b, c) .
A recent study using transient optogenetic inhibition of Purkinje cell firing provides strong support for the idea that pauses in Purkinje cell activity can generate overt movements via 'disinhibition' of the cerebellar nuclei [21 ] . The kinematics of eyelid movement were tightly controlled by the number of Purkinje cells that were inhibited, as well as the intensity and duration of inhibition. The resulting increase in DCN activity showed a strong linear correlation between both the size and speed of eyelid movements, such that there was a direct mapping between graded suppression of Purkinje cell firing, the consequent increases in DCN firing and the regulation of movement kinematics. 
